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(57) ABSTRACT 

An optical connector comprises a mount having an accom 
modating portion and an optical connector ferrule. The 
mount and the outer surface of the optical connector ferrule 
to be brought into contact thereWith are made of the same 
kind of material, thereby securing the good Weldability 
therebetWeen. In one embodiment, both the mount and the 
ferrule are made of an amorphous alloy. In another 
embodiment, the mount is made of a metal, for example 
stainless steel, and the ferrule comprises a body made of an 
amorphous alloy and a surface part covering the outer 
surface of the body is made of the same kind of material as 
the mount, ie a metal such as stainless steel. 

11 Claims, 7 Drawing Sheets 
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OPTICAL CONNECTOR AND OPTICAL 
CONNECTOR FERRULE TO BE USED 

THEREIN 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to optical connectors for connecting 

and/or ?xing optical ?ber ends or optical ?ber cable ends to 
be used in optical communications and optical connector 
ferrules to be used therein, particularly optical connector 
ferrules having a metal tube incorporated therein as an 
integral part thereof (hereinafter referred to occasionally as 
“optical connector ferrule of the metal tube built-in type”). 
The term “ferrule” used herein collectively refers to a 
capillary-shaped ferrule (also called “capillary”) and a fer 
rule having a ?ange part. 

2. Description of the Prior Art 
When an optical connector ferrule is connected to a 

semiconductor laser module to be used as a light source for 
an optical communication device and the like, a mount for 
attachment to a module is commonly used. NoW, the relation 
betWeen the ferrule and the mount is explained With refer 
ence to FIG. 1. 

FIG. 1 illustrates one example of a conventional butter?y 
type LD module. An optical unit 20 assembled in advance is 
placed and ?xed in a butter?y package 23. Reference 
numeral 24 denotes a group of package electrode terminals 
of the butter?y type Which connect a driving poWer source 
to a laser diode (LD) 21 of the optical unit 20 and are 
adapted to be connected to electrode terminals of an optical 
system for monitoring the driving state. TWo groups of 
electrode terminals 24 are respectively attached to both 
sideWalls of the package body as opposed to each other. A 
ferrule 1 into Which a leading end of an optical ?ber 2 is 
?tted is connected to the butter?y package 23 via a mount 10 
for attachment to a module. Laser beams emitted from the 
laser diode 21 are collected by aspherical lenses 22 and 11 
and introduced into the optical ?ber 2 embedded in the 
ferrule 1 at the leading end thereof. 

Heretofore, the ferrule 1 has been generally manufactured 
from ceramics such as Zirconia and preliminarily press-?tted 
into the tube-shaped mount 10 made of stainless steel. This 
mount 10 is attached to the butter?y package 23 by laser 
Welding. In the diagram the Welding positions are indicated 
by the reference sign “X”. 

Parts for optical connectors are required to have high 
dimensional accuracy in order to prevent the loss of light. 
The conventional method for the production of an optical 
connector ferrule (capillary) comprises the steps of ?rst 
molding a ceramic poWder containing a binder by injection 
molding, extrusion molding or the like thereby forming a 
ferrule blank, sintering the resultant blank, and ?nishing the 
blank into a desired dimension by subjecting it to machining 
such as abrasive ?nishing of the outside diameter, abrasive 
?nishing of the inside diameter, and polishing of the leading 
end into the spherical convex surface (PC polishing). Since 
the inside diameter of a small hole of the ferrule for the 
insertion of an optical ?ber is very small (for instance, the 
diameter of the small hole of the capillary of the SC type is 
0.126 mm), the Wire lapping ?nishing is commonly used for 
the ?nishing of the inside diameter thereof. Accordingly, the 
process of production is lengthy and requires expensive 
apparatuses such as an inside diameter ?nishing machine 
and an outside diameter ?nishing machine, and the cost of 
production is inevitably large. 
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2 
In order to solve the problems mentioned above, the 

assignee of this application has already proposed to manu 
facture the ferrules from an amorphous alloy (Japanese 
Patent Application, KOKAI (Early Publication) No. 
10-186176). 

SUMMARY OF THE INVENTION 

The use of amorphous alloy has such advantages that the 
ferrules satisfying the dimensional accuracy and the surface 
quality required of optical connector ferrules can be manu 
factured by a metal mold casting method With high mass 
productivity and in a single process and further that such 
machining steps as outside diameter ?nishing and inside 
diameter ?nishing of the ferrule can be diminished mark 
edly. HoWever, the Weldability of an amorphous alloy to a 
metal such as stainless steel commonly used as a material of 
the mount 10 mentioned above is poor and thus the ferrule 
made of an amorphous alloy cannot be joined to the mount 
With suf?cient strength. Therefore, it poses a problem that 
the ferrule made of an amorphous alloy can be used as a part 
of module only With difficulty. 

It is, therefore, an object of the present invention to 
improve the joining properties or Weldability of the ferrule 
made of an amorphous alloy and having excellent properties 
and advantages as mentioned above to a mount for attach 
ment to a module and enable the ferrule to be used as a part 
of the module. 

A further object of the present invention is to provide an 
optical connector ferrule having excellent optical properties, 
Which ferrule can be joined or Welded to a mount even When 
the mount made of a metal such as stainless steel is used and 
can be used as a part of the module. 

To accomplish the objects mentioned above, a ?rst aspect 
of the present invention provides an optical connector. A?rst 
embodiment thereof is directed to an optical connector 
comprising a mount having an accommodating portion or 
space and an optical connector ferrule attached to the mount, 
Wherein the mount and at least the outer surface of the 
optical connector ferrule are made of the same kind of 
material and the ferrule is integrally joined to the mount. 
This embodiment includes the case that both the mount and 
the optical connector ferrule mentioned above are made of 
an amorphous alloy. 
A second embodiment of the present invention is directed 

to an optical connector comprising a mount having an 
accommodating portion or space and an optical connector 
ferrule attached to the mount, Wherein the optical connector 
ferrule comprises a body and a surface part covering the 
outer surface of the body, and the mount and the surface part 
mentioned above are made of the same kind of material and 
are integrally joined to each other. 
Another aspect of the present invention provides an 

optical connector ferrule Which can be advantageously used 
in this embodiment. The optical connector ferrule is char 
acteriZed by comprising a body made of an amorphous alloy 
having at least a glass transition region and a surface part of 
an existing metal material covering the outer surface of the 
body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the invention 
Will become apparent from the folloWing description taken 
together With the draWings, in Which: 

FIG. 1 is a fragmentary cross-sectional vieW schemati 
cally illustrating a conventional butter?y type LD module; 



US 6,758,602 B2 
3 

FIG. 2 is a fragmentary cross-sectional vieW schemati 
cally illustrating one embodiment of the joining state 
betWeen a ferrule of the metal tube built-in type of an optical 
connector according to the present invention and a mount for 
attachment to a module; 

FIG. 3 is a fragmentary cross-sectional vieW schemati 
cally illustrating another embodiment of the joining state 
betWeen a ferrule of the metal tube built-in type of an optical 
connector according to the present invention and a mount for 
attachment to a module; 

FIGS. 4A and 4B illustrate one embodiment of the ferrule 
of the metal tube built-in type according to the present 
invention, FIG. 4A depicting a schematic cross-sectional 
vieW and FIG. 4B depicting a schematic side vieW thereof; 

FIG. 5 is a cross-sectional vieW schematically illustrating 
another embodiment of the ferrule of the metal tube built-in 
type according to the present invention; 

FIG. 6 is a cross-sectional vieW schematically illustrating 
still another embodiment of the ferrule of the metal tube 
built-in type according to the present invention; 

FIG. 7 is a cross-sectional vieW schematically illustrating 
yet another embodiment of the ferrule of the metal tube 
built-in type according to the present invention; 

FIG. 8 is a cross-sectional vieW schematically illustrating 
one embodiment of the ferrule of the metal tube/center tube 
built-in type according to the present invention; 

FIG. 9 is a cross-sectional vieW schematically illustrating 
one embodiment of the ferrule of the metal tube/optical ?ber 
built-in type according to the present invention; 

FIG. 10 is a cross-sectional vieW schematically illustrat 
ing one embodiment of the ferrule of the metal tube/central 
tube/optical ?ber built-in type according to the present 
invention; and 

FIG. 11 is a fragmentary cross-sectional vieW schemati 
cally illustrating one embodiment of an apparatus for the 
production of the ferrule of the metal tube built-in type 
and/or the center tube built-in type according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The fundamental characteristic feature of the present 
invention, for the purpose of improving the joining proper 
ties or Weldability of a ferrule made of an amorphous alloy 
having excellent properties and advantages as mentioned 
above to a mount for attachment to a module and enabling 
the ferrule to be used as a part of a module, resides in the fact 
that the mount and the outer surface of the optical connector 
ferrule to be brought into contact thereWith are made of the 
same kind of material, thereby securing the good Weldabil 
ity. The embodiments of this feature include an embodiment 
Wherein both the mount and the ferrule mentioned above are 
made of an amorphous alloy and an embodiment Wherein 
the mount is manufactured from a metal, for example 
stainless steel (SUS) as in the conventional manner, and the 
ferrule comprises a body made of an amorphous alloy and a 
surface part covering the outer surface of the body and made 
of the same kind of material as the mount, ie a metal such 
as stainless steel. In either embodiments, it is possible to 
securely ?x the ferrule made of substantially an amorphous 
alloy to the mount by Welding because the joining properties 
or Weldability betWeen the amorphous alloys or betWeen the 
metal materials are excellent. Incidentally, the same kind of 
material (amorphous alloy-amorphous alloy or metal-metal) 
satis?es the requirement for the Weldability and there is no 
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4 
need to be the totally same material. Needless to say, any 
metals other than stainless steel may be used as a metal. 

Accordingly, the ferrules of the metal tube built-in type 
and/or the center tube built-in type and/or the optical ?ber 
built-in type of the present invention can not only be applied 
to the optical connectors for connecting the optical ?bers by 
abutting the end faces of the ferrules to each other, but also 
be used as the parts of LD modules. 

Since the ferrules of the metal tube built-in type and/or the 
center tube built-in type and/or the optical ?ber built-in type 
of the present invention have a body portion made of an 
amorphous alloy, they exhibit excellent durability, high 
positional accuracy of an optical ?ber ?tted therein, and loW 
connector insertion loss. Furthermore, the present invention 
alloWs the optical connector ferrules having good concen 
tricity of the inside diameter and the outside diameter 
thereof to be mass-produced With high ef?ciency by a simple 
process. Moreover, the present invention obviates such 
machining steps as inside diameter ?nishing of the ferrule, 
thereby considerably loWering the number of machining 
steps and, therefore, enables to loWer the cost of production 
of the ferrules. 
NoW, the present invention Will be described more con 

cretely beloW With reference to the attached draWings Which 
illustrate some embodiments. 

FIG. 2 illustrates schematically one embodiment of the 
joining state betWeen a mount for attachment to a module 
and a ferrule of the metal tube built-in type. The mount 10a 
comprises a body member 12 for accommodating and ?xing 
a lens 11 and a ?ange member 13, both the body member and 
the ?ange member being made of stainless steel. On the 
other hand, the ferrule (capillary) 1 into Which a leading end 
of an optical ?ber 2 is securely ?tted is made of an 
amorphous alloy and integrally joined into a tube 3 made of 
a metal (stainless steel). Accordingly, the body of the ferrule 
is made of an amorphous alloy and a surface part covering 
the outer surface of the body is formed from a stainless steel 
tube. This ferrule 1 of the metal tube built-in type is ?tted 
into the stainless steel ?ange member 13 of the mount 10a 
and ?xedly secured thereto at predetermined positions of the 
metal (stainless steel) tube 3 by Welding. LikeWise, the 
stainless steel ?ange member 13 of the mount 10a is Welded 
to the body member 12. The reference sign “X” denotes the 
Welding positions. The mount 10a having the ferrule 1 of the 
metal tube built-in type in the integrally joined state as 
mentioned above is ?xed to a butter?y package of an LD 
module as shoWn in FIG. 1. 

FIG. 3 illustrates a modi?ed embodiment of the afore 
mentioned embodiment. In this embodiment, lens 11 is 
attached to one end portion of a mount 10b as in the case of 
the above embodiment, the mount has a pipe-like shape 
containing a recessed part 14 for Welding at its central 
portion and the material thereof is stainless steel except the 
lens 11. Similar to the embodiment mentioned above, the 
ferrule (capillary) 1 into Which the leading end of the optical 
?ber 2 is securely ?tted is made of an amorphous alloy and 
integrally joined into the tube 3 made of a metal (stainless 
steel). This ferrule 1 of the metal tube built-in type is ?tted 
into the mount 10b made of stainless steel and ?xedly 
secured thereto at predetermined positions of the metal 
(stainless steel) tube 3 by Welding. 

Although the aforementioned embodiments use a stain 
less steel tube longer than the ferrule, the present invention 
is not limited to such embodiments. Ametal tube having the 
length substantially equal to that of the ferrule (capillary) 
may be used instead. Some embodiments of such ferrules of 
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the metal tube built-in type are described below With refer 
ence to the drawings. 

FIG. 4 illustrates an embodiment of the amorphous alloy 
ferrule (capillary) 1 casted integrally in the metal tube 3. The 
ferrule 1 has an elongated through-hole 4 for the insertion of 
an optical ?ber (or a basic thread of an optical ?ber coated 
With a plastic thin ?lm) along the aXis thereof. Such ferrules 
of the metal tube built-in type can be easily manufactured by 
placing a metal tube in a cavity of a mold as mentioned 
hereinafter and casting an amorphous alloy therein. 
On the other hand, FIG. 5 illustrates an embodiment of the 

ferrule 1 having a capillary part 1a and a ?ange part 1b 
integrally formed thereWith from an amorphous alloy, the 
capillary part 1a being casted integrally in the metal tube 3. 

FIG. 6 and FIG. 7 illustrate other embodiments of the 
ferrule having a capillary part and a ?ange part as separate 
components. 

Speci?cally, the ferrule 1 shoWn in FIG. 6 is composed of 
the capillary part 1a of Which outer surface is covered With 
a metal tube 3 and Which has formed along the aXis thereof 
a through-hole 4 of a small diameter intended for the 
insertion of an optical ?ber and the ?ange part 1b Which has 
formed along the aXis thereof a through-hole 5 of a large 
diameter for the insertion of a sheathed optical ?ber (the 
optical ?ber coated With a sheath). The capillary part 1a is 
?Xed into a leading end recessed part 7 of the ?ange part 1b 
by virtue of tight ?t or adhesion. The through-hole 4 of the 
small diameter in the capillary part and the through-hole 5 
of the large diameter in the ?ange part are joined through the 
medium of a tapered hole part 6. 

The ferrule 1 shoWn in FIG. 7 has the structure similar to 
that of the embodiment shoWn in FIG. 6, eXcept that the 
through-hole 4 of a small diameter intended for the insertion 
of an optical ?ber and the through-hole 5 of a large diameter 
for the insertion of a sheathed optical ?ber are continuously 
formed in the capillary part 1a along the aXis thereof so as 
to be joined through the medium of the tapered hole part 6. 

In either embodiments mentioned above, the ?ange part 
1b may be made of a metal such as stainless steel or an 
amorphous alloy. 

FIG. 8 through FIG. 10 further illustrate other embodi 
ments of the ferrule. 

In the embodiment shoWn in FIG. 8, the outer surface of 
the ferrule (capillary) 1 is covered With a metal tube 3 and 
a center tube 8 having the through-hole 4 of a small diameter 
intended for the insertion of an optical ?ber is integrally 
?Xed in the inside peripheral part of the ferrule along With 
the aXis thereof. 
On the other hand, the embodiment shoWn in FIG. 9 is 

identical With the embodiment mentioned above in that the 
outer surface of the ferrule (capillary) 1 is covered With the 
metal tube 3, but differs therefrom in that an optical ?ber 2 
is integrally ?Xed in the through-hole of the inside peripheral 
part of the ferrule along the aXis thereof. 

In the embodiment shoWn in FIG. 10, the outer surface of 
the ferrule (capillary) 1 is covered With the metal tube 3, a 
center tube 8 having the through-hole 4 of a small diameter 
intended for the insertion of an optical ?ber is integrally 
?Xed in the inside peripheral part of the ferrule along the aXis 
thereof, and further the optical ?ber 2 is integrally ?Xed in 
the through-hole of the center tube 8 along the aXis thereof. 
Although in this embodiment the center tube 8 does not 
eXtend throughout the entire length of the ferrule 1, it may 
be embedded in the ferrule throughout the entire length 
thereof as shoWn in FIG. 8. As the center tube 8 mentioned 
above, a ceramic tube may be used besides a metal tube. 
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The ferrules mentioned above can be easily manufactured 

by placing the metal tube in a cavity of a mold along the 
inside peripheral Wall thereof or further placing the center 
tube and/or the optical ?ber along the aXis of the cavity and 
casting an amorphous alloy therein. 
An eXample of the method for the production of the 

ferrule is-described beloW With reference to the diagram. 
FIG. 11 illustrates the schematic construction of one mode 

of embodying an apparatus and method for the production of 
the ferrule of the metal tube built-in type or the ferrule of the 
metal tube/center tube built-in type containing the center 
tube in the central portion thereof according to the present 
invention. In the diagram, reference numeral 30 denotes a 
metal mold provided With a molding cavity 31 adapted to 
de?ne the outside dimension of the optical connector ferrule. 
The mold 30 is a split mold Which is separable, for eXample, 
composed of an upper mold and a loWer mold as shoWn in 
FIG. 11. A sprue (through-hole) 32 communicating With the 
cavity 31 is formed in a loWer portion of the mold 30. 

While the mold 30 can be made of such metallic material 
as copper, copper alloy, cemented carbide or superalloy, it is 
preferred to be made of such material as copper or copper 
alloy Which has a large thermal capacity and high thermal 
conductivity for the purpose of heightening the cooling rate 
of the molten alloy injected into the cavity 31. The mold may 
have disposed therein such a How channel as alloW How of 
a cooling medium like cooling Water or cooling gas. 
An injection sleeve (melting vessel) 33 is provided With 

a cylindrical sleeve 34 and a plunger 35 slidably disposed in 
the sleeve. The injection sleeve 33 is disposed directly beloW 
the sprue 32 of the mold 30 in such a manner as to be 
reciprocated vertically. The plunger 35 is vertically moved 
by means of a hydraulic cylinder (or pneumatic cylinder) not 
shoWn in the diagram. The upper part of the cylindrical 
sleeve 34 forms a raW material accommodating part 36 in 
combination With the upper face of the plunger 35. A high 
frequency induction coil 37 as a heat source is disposed so 
as to encircle the raW material accommodating part 36. As 
the heat source, any arbitrary means such as one resorting to 
the phenomenon of resistance heating may be adopted 
besides the high-frequency induction heating. The material 
of the cylindrical sleeve 34 and that of the plunger 35 are 
preferred to be such heat-resistant material as ceramics or 
metallic materials coated With a heat-resistant ?lm. 

Incidentally, for the purpose of preventing the molten 
alloy from forming an oXide ?lm, it is preferred to dispose 
the apparatus in its entirety in a vacuum or an atmosphere of 
an inert gas such as Ar gas or establish a stream of an inert 
gas at least betWeen the mold 30 and the raW material 
accommodating part 36 of the injection sleeve 33. 
The production of the ferrule of the metal tube and/or 

center tube built-in type according to the present invention 
is effected by ?rst setting the injection sleeve 33 in a state 
separated doWnWardly from the mold 30, placing the metal 
tube 3 in the cavity 31 of the mold 30 along the inside 
peripheral Wall thereof or further placing the center tube 8 in 
position so as to eXtend vertically along the aXis thereof, and 
then charging the empty space inside the raW material 
accommodating part 36 With the raW material “A” capable 
of forming an amorphous alloy. The alloying raW material 
“A” to be used may be in any of the arbitrary forms such as 
rods, pellets, and minute particles. 

Subsequently, as shoWn in FIG. 11, the injection sleeve 33 
is elevated until the upper end thereof abuts against the 
periphery of the sprue 32 of the mold 30 and the high 
frequency induction coil 37 is excited to heat the alloying 
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raW material “A” rapidly. After the fusion of the alloying 
raW material “A” has been con?rmed by detecting the 
temperature of the molten alloy, the high frequency induc 
tion coil 37 is demagnetiZed. Then, the hydraulic cylinder is 
actuated to effect rapid elevation of the plunger 35 and 
injection of the molten alloy through the sprue 32 of the 
mold 30. The injected molten alloy is introduced into the 
molding cavity 31 and compressed and rapidly solidi?ed 
therein. In this case, the cooling rate exceeding 102 K/s can 
be obtained by suitably setting such factors as injection 
temperature and injection speed, for example. Thereafter, 
the injection sleeve 33 is loWered and the mold 30 is 
separated to alloW extraction of the cast product. The 
product is obtained by severing runner parts from the cast 
product and, as occasion demands, effecting the ?nishing 
process such as end portion ?nishing and PC polishing 
(polishing to the spherical convex surface). 

In such a method, the ferrule is strongly ?xed in the metal 
tube 3 of the outside surface portion and/or the center tube 
8 in the central portion integrally Without causing any gap 
therebetWeen because the amorphous alloy scarcely causes 
solidi?cation shrinkage after casting, and the ferrule 
(capillary) of the metal tube built-in type as shoWn in FIG. 
4 through FIG. 7 or the ferrule (capillary) further incorpo 
rating the center tube integrally therein as shoWn in FIG. 8 
is obtained. Incidentally, in the case of the ferrule (capillary) 
shoWn in FIG. 7, the shape and the siZe of the through-holes 
4, 5, and 6 are de?ned by the outside dimension of a core pin 
set in the cavity. Further, When the injection molding is 
carried out by using an optical ?ber instead of the center tube 
8 and placing it in the cavity 31 of the mold 30 so as to 
extend vertically along the axis thereof, the ferrule of the 
optical ?ber built-in type as shoWn in FIG. 9 is obtained. 
Moreover, When the injection molding is carried out by 
placing an optical ?ber in the center tube 8 so as to extend 
along the axis thereof, the ferrule of the optical ?ber built-in 
type as shoWn in FIG. 10, for example, is obtained. In this 
case, When the optical ?ber is set in the mold so as to have 
one end thereof continuously extended outWard from the 
mold, the ferrule of the optical ?ber built-in type having the 
optical ?ber that continuously extends from one end of the 
ferrule is obtained. 

Since the outer peripheral surface of the metal tube or the 
inner peripheral surface of the center tube to be used in the 
above method is smooth and the amorphous alloy alloWs 
manufacture of a cast product of smooth surface faithfully 
reproducing the contour of the cavity of the mold, the ferrule 
having good concentricity of the inside diameter and the 
outside diameter can be obtained. Further, since this method 
obviates such machining steps as inside diameter ?nishing 
and outside diameter ?nishing of the ferrule, the number of 
machining steps can be considerably loWered. Accordingly, 
the method of the present invention alloWs the ferrule 
(capillary) having a metal tube incorporated therein as an 
integral part thereof or further having a center tube and/or an 
optical ?ber incorporated therein as an integral part thereof, 
Which ferrule is excellent in the roundness of the diameter of 
the through-hole and the cylindricity thereof and satis?es a 
predetermined shape, dimensional accuracy, and surface 
quality, to be mass-produced With high ef?ciency by a 
simple process and, therefore, enables to loWer the cost of 
production of the ferrule. 

Incidentally, in the production of the ferrule of the center 
tube built-in type, there is no need to use a core pin as in the 
conventional method because the center tube also functions 
as a core pin. HoWever, it is also possible to use a core pin 
for the purpose of reinforcing the center tube in strength 
during the injection molding. 
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As the material for the center tube, various ceramics such 

as quartZ glass, amorphous oxides, crystalline oxides, and 
nitrides like Si3N4 may be used besides various metals such 
as stainless steel. In the case of ceramics, amorphous oxides 
(oxide glass) and oxide materials exhibiting smoothness 
equivalent to that of the amorphous oxide may be advanta 
geously used. Since the quartZ glass permits easy machining 
into a tube With high dimensional accuracy and has a 
coef?cient of linear thermal expansion substantially equal to 
that of an optical ?ber, it is suitable as the material for the 
center tube to be embedded in the ferrule into Which the 
optical ?ber is ?tted. That is to say, the optical connector 
ferrule having excellent resistance to environment can be 
obtained Without incurring such problems that an end face of 
the optical ?ber protrudes from the end face of the ferrule or 
the optical ?ber separates from the ferrule due to the 
deterioration of an adhesive caused by the heat cycle in the 
use. 

As a material for the body of the ferrule, it is freferable 
that an amorphous alloy should be used, as mentioned 
above. An amorphous alloy possesses highly accurate casta 
bility and machinability and, therefore, alloWs manufacture 
of a product of smooth surface faithfully reproducing the 
contour of the cavity of the mold by the metal mold casting 
method or molding method. Accordingly, the ferrules of the 
metal tube built-in type and/or the center tube built-in type 
and/or the optical ?ber built-in type Which satisfy dimen 
sional prescription, dimensional accuracy, and surface qual 
ity can be manufactured by a single process With high mass 
productivity insofar as the metal mold to be used is suitably 
prepared. 

Although the amorphous alloy does not need to be limited 
to any particular substance but may be any of the alloys 
insofar as they have at least a glass transition region, the 
amorphous alloy having a composition represented by either 
one of the folloWing general formulas (1) to (6) may be 
advantageously used. 

(1) 

Wherein M1 represents either or both of the tWo elements, Zr 
and Hf; M2 represents at least one element selected from the 
group consisting of Ni, Cu, Fe, Co, Mn, Nb, Ti, V, Cr, Zn, 
Al, and Ga; Ln represents at least one element selected from 
the group consisting of Y, La, Ce, Nd, Sm, Gd, Tb, Dy, Ho, 
Yb, and Mm (mish metal: aggregate of rare earth elements); 
M3 represents at least one element selected from the group 
consisting of Be, B, C, N, and O; M4 represents at least one 
element selected from the group consisting of Ta, W, and 
Mo; M5 represents at least one element selected from the 
group consisting of Au, Pt, Pd, and Ag; and a, b, c, d, e, and 
f represent such atomic percentages as respectively satisfy 
25éaé85, l5ébé75, 0écé30, 0édé30, OéeélS, and 
0 E f E 15. 
The above amorphous alloy includes those represented by 

the folloWing general formulas (1-a) to (l-p). 

MlaMzb (l-a) 

This amorphous alloy has large negative enthalpy of 
mixing and good producibility of the amorphous structure 
due to the coexistence of the M2 element and Zr or Hf. 

MlaMzbLnc (l-b) 

The addition of a rare earth element to the alloy repre 
sented by the above general formula (1-a), as in this amor 
phous alloy, enhances the thermal stability of the amorphous 
structure. 
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M1aM2bLncM3d (l-d) 

The ?lling of gaps in the amorphous structure With the M3 
element having a small atomic radius (Be, B, C, N, or O), as 
in these amorphous alloys, makes the structure stable and 
enhances the producibility of the amorphous structure. 

The addition of a high melting metal, M4 (Ta, W, or Mo) 
to the above alloys, as in these amorphous alloys, enhances 
the heat resistance and corrosion resistance Without affecting 
the producibility of the amorphous structure. 

(l-k) 

(l-m) 

0-11) 

These amorphous alloys containing a noble metal, M5 
(Au, Pt, Pd, or Ag) Will not be brittle even if the crystalli 
Zation occurs. 

Wherein Ln represents at least one element selected from the 
group consisting of Y, La, Ce, Nd, Sm, Gd, Tb, Dy, Ho, Yb, 
and Mm; M6 represents at least one element selected from 
the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, 
Mo, Hf, Ta, and W; M3 represents at least one element 
selected from the group consisting of Be, B, C, N, and O; 
and g, h, and i represent such atomic percentages as respec 
tively satisfy 30égé90, 0<h§ 55, and Oéié 10. 

The above amorphous alloy includes those represented by 
the folloWing general formulas (2-a) and (2-b). 

This amorphous alloy has large negative enthalpy of 
miXing and good producibility of the amorphous structure. 

This amorphous alloy has a stable structure and enhanced 
producibility of the amorphous structure due to the ?lling of 
gaps in the amorphous structure With the M3 element having 
a small atomic radius (Be, B, C, N, or O). 

MglUUipM7p (3) 

Wherein M7 represents at least one element selected from the 
group consisting of Cu, Ni, Sn, and Zn; and p represents an 
atomic percentage falling in the range of 5§p§ 60. 

This amorphous alloy has large negative enthalpy of 
miXing and good producibility of the amorphous structure. 
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10 
Mg1UUAqArM7qM8r (4) 

Wherein M7 represents at least one element selected from the 
group consisting of Cu, Ni, Sn, and Zn; M8 represents at 
least one element selected from the group consisting of Al, 
Si, and Ca; and q and r represent such atomic percentages as 
respectively satisfy 1§q§35 and 1§r§25 
The ?lling of gaps in the amorphous structure of the alloy 

of the above general formula (3) With the M8 element having 
a small atomic radius (Al, Si, or Ca), as in this amorphous 
alloy, makes the structure stable and enhances the produc 
ibility of the amorphous structure. 

Wherein M7 represents at least one element selected from the 
group consisting of Cu, Ni, Sn, and Zn; M8 represents at 
least one element selected from the group consisting of Al, 
Si, and Ca; M9 represents at least one element selected from 
the group consisting of Y, La, Ce, Nd, Sm, and Mm; and q, 
r, and s represent such atomic percentages as respectively 
satisfy léqé35, léré25, and 3ésé25. 
The addition of a rare earth element to the alloy of the 

general formula (3) or (4) mentioned above, as in these 
amorphous alloys, enhances the thermal stability of the 
amorphous structure. 
Among other amorphous alloys mentioned above, the 

Zr-TM-Al and Hf-TM-Al (TM: transition metal) amorphous 
alloys having very Wide differences betWeen the glass tran 
sition temperature (Tg) and the crystalliZation temperature 
(TX) exhibit high strength and high corrosion resistance, 
possess Wide supercooled liquid ranges (glass transition 
ranges), ATX=TX—Tg, of not less than 30 K, and extremely 
Wide supercooled liquid ranges of not less than 60 K in the 
case of the Zr-TM-Al amorphous alloys. The 
Zr6OAl15Co25Ni75Cu15 alloy (Tg: 652K, TX: 768K), for 
eXample, has such an extremely Wide ATX as 116 K. In the 
above temperature ranges, these amorphous alloys manifest 
very satisfactory Workability oWing to viscous ?oW even at 
such loW stress not more than some tens MPa. They are 
characteriZed by being produced easily and very stably as 
evinced by the fact that they are enabled to furnish an 
amorphous bulk material even by a casting method using a 
cooling rate of the order of some tens K/s. After a further 
study in search of uses for these alloys, it has been ascer 
tained that by the metal mold casting from a melt, these 
alloys produce amorphous materials and permit very faithful 
reproduction of the shape and siZe of a molding cavity of a 
metal mold and, With the physical properties of the alloys as 
a contributory factor, be?t the ferrules of the metal tube 
built-in type and/or the center tube built-in type and/or the 
optical ?ber built-in type. 

While certain speci?c embodiments of the ferrules of the 
metal tube built-in type and/or the center tube built-in type 
and/or the optical ?ber built-in type have been described 
hereinbefore, the present invention is not limited to these 
embodiments. As mentioned above, the body of the ferrule 
is made of an amorphous alloy. When the mount for attach 
ment to a module is also made of an amorphous alloy, the 
Weldability betWeen the ferrule and the mount can be 
secured even if the outer surface of the ferrule body is not 
covered With a metal tube. Accordingly, the present inven 
tion includes such an embodiment. As a matter of course, in 
this embodiment the ferrule may also be in the form of the 
center tube built-in type and/or the optical ?ber built-in type 
as mentioned above. 



US 6,758,602 B2 
11 

Furthermore, the ferrules of the metal tube built-in type 
and/or the center tube built-in type and/or the optical ?ber 
built-in type mentioned above can be applied not only to the 
butter?y type LD module as shoWn in FIG. 1 but also to 
other LD modules and to the optical connectors for con 
necting the optical ?bers by abutting the end faces of the 
ferrules to each other. 

The described embodiments are therefore to be consid 
ered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes Which come Within the meaning and the range of 
equivalency of the claims are, therefore, intended to be 
embraced therein. 

The disclosure in Japanese Patent Application No. 2001 
197175 of Jun. 28, 2001 is incorporated here by reference. 
This Japanese Patent Application describes the invention 
described hereinabove and claimed in the claims appended 
hereinbeloW and provides the basis for a claim of priority for 
the instant invention under 35 U.S.C. 119. 
What is claimed is: 
1. An optical connector comprising a mount having an 

accommodating portion and an optical connector ferrule 
attached to the mount, Wherein said mount is provided With 
a lens disposed in said accommodating portion so as to be 
aligned With said optical connector ferrule, said optical 
connector ferrule comprising a body and a surface part 
covering an outer surface of said body, said body of the 
optical connector ferrule being made of an amorphous alloy, 
and said mount and at least said surface part of said optical 
connector ferrule are made of the same kind of material and 
are integrally joined to each other by Welding. 

2. The optical connector according to claim 1, Wherein 
both said mount and said surface part of the optical con 
nector ferrule are made of an amorphous alloy. 

3. The optical connector according to claim 1, Wherein 
both said mount and said surface part of the optical con 
nector ferrule are made of a metal. 

4. An optical connector ferrule, comprising a body made 
of an amorphous alloy having at least a glass transition 
region and a surface part of a metal material covering an 
outer surface of said body and ?xedly and integrally joined 
to said body. 

5. The optical connector ferrule according to claim 4, 
further comprising an optical ?ber incorporated therein as an 
integral part thereof along the aXis of said ferrule. 

6. The optical connector ferrule according to claim 5, 
Wherein said optical ?ber extends in the interior of said 
optical connector ferrule from one end to the other end of 
said ferrule and further continuously eXtends outWard from 
one end of said optical connector ferrule. 

7. The optical connector ferrule according to claim 4, 
further comprising a center tube incorporated therein as an 
integral part thereof along the aXis of said ferrule. 

8. The optical connector ferrule according to claim 7, 
Wherein said center tube is made of a metal or ceramics. 

9. The optical connector ferrule accordingly to claim 4, 
comprising a body made of an amorphous alloy having at 
least a glass transition region, a metal tube covering an outer 
surface of said body as an integral part thereof, a center tube 
embedded in said body in the longitudinal direction thereof, 
and an optical ?ber integrally ?Xed in said center tube. 

10. The optical connector ferrule according to claim 4, 
Wherein said body is made of a substantially amorphous 
alloy having a composition represented by either one of the 
folloWing general formulas (1) to (6) and containing an 
amorphous phrase in a volumetric ratio of at least 50%: 
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M1,,M2bLncM3dM4EM5f (1) 

Wherein M1 represents either or both of the tWo elements, 
Zr and Hf; M2 represents at least one element selected 
from the group consisting of Ni, Cu, Fe, Co, Mn, Nb, 
Ti, V, Cr, Zn, Al, and Ga; Ln represents at least one 
element selected from the group consisting of Y, La, 
Ce, Nd, Sm, Gd, Tb, Dy, Ho, Yb, and Mm (mish metal: 
aggregate of rare earth elements); M3 represents at least 
one element selected from the group consisting of Be, 
B, C, N, and O; M4 represents at least one element 
selected from the group consisting of Ta, W, and Mo; 
M5 represents at least one element selected from the 
group consisting of Au, Pt, Pd, and Ag: and a, b, c, d, 
e, and f represent such atomic percentages as respec 
tively satisfy 25éaé85, 15§b§75, 0écé30, 
0édé30, Oéeé 15, and Oéfé 15, 

All??igihiiLngMshMi (2) 

Wherein Ln represents at least one element selected from 
the group consisting of Y, La, Ce, Nd, Sm, Gd, Tb, Dy, 
Ho, Yb, and Mm; M6 represents at least one element 
selected from the group consisting of Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Zr, Nb, Mo, Hf, Ta, and W; M3 represents 
at least one element selected from the group consisting 
of Be, B, C, N, and O; and g, h, and i represent such 
atomic percentages as respectively satisfy 30; gé 90, 
0<h§55, and OéiélO, 

MglUUipM7p (3) 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; and p 
represents an atomic percentage falling in the range of 
5 i p i 60, 

Mg1UU174M7qM8r (4) 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M8 repre 
sents at least one element selected from the group 
consisting of Al, Si, and Ca; and q and r represent such 
atomic percentages as respectively satisfy 1 §q§35 
and 1 éré25, 

Mg1UUAqAsM7qMQs (5) 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M9 repre 
sents at least one element selected from the group 
consisting ofY, La, Ce, Nd, Sm, and Mm; and q and s 
represent such atomic percentages as respectively sat 
isfy 1§q§35 and 3§s§25,and 

Mgl??iqirisMlyMgrMgs (6) 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M8 repre 
sents at least one element selected from the group 
consisting of Al, Si, and Ca; M9 represents at least one 
element selected from the group consisting of Y, La, 
Ce, Nd, Sm, and Mm; and q, r, and s represent such 
atomic percentages as respectively satisfy 1§q§35, 
1§r§25, and 3ésé25. 

11. An optical connector comprising a mount having an 
accommodating portion and an optical connector ferrule 
attached to the mount, Wherein said mount is provided With 
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a lens disposed in said accommodating portion so as to be 
aligned With said optical connector ferrule, said optical 
connector ferrule comprising a body, and a surface part 
covering an outer surface of said body, said surface part of 
said ferrule is integrally joined to said mount by Welding, 
and all of said mount and said body and said surface part of 
the optical connector ferrule are made of an amorphous alloy 
having a composition represented by either one of the 
folloWing general formulas (1) to (6) and containing an 
amorphous phase in a volumetric ratio of at least 50%: 

Wherein M1 represents either or both of the tWo elements, 
Zr and Hf; M2 represents at least one element selected 
from the group consisting of Ni, Cu, Fe, Co, Mn, Nb, 
Ti, V, Cr, Zn, Al, and Ga; Ln represents at least one 
element selected from the group consisting of Y, La, 
Ce, Nd, Sm, Gd, Tb, Dy, Ho, Yb, and Mm (mish metal: 
aggregate of rare earth elements); M3 represents at least 
one element selected from the group consisting of Be, 
B, C, N, and O; M4 represents at least one element 
selected from the group consisting of Ta, W, and Mo; 
M5 represents at least one element selected from the 
group consisting of Au, Pt, Pd, and Ag; and a, b, c, d, 
e, and f represent such atomic percentages as respec 
tively satisfy 25éaé85, 15§b§75, 0écé30, 
0édé30, OéeélS, and Oéfé 15, 

Wherein Ln represents at least one element selected from 
the group consisting of Y, La, Ce, Nd, Sm, Gd, Tb, Dy, 
Ho, Yb, and Mm; M6 represents at least one element 
selected from the group consisting of Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Zr, Nb, Mo, Hf, Ta, and W; M3 represents 
at least one element selected from the group consisting 
of Be, B, C, N, and O; and g, h, and i represent such 
atomic percentages as respectively satisfy 30; gé 90, 
0<h§55, and Oéié 10, 
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MglUUipM7p (3) 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; and p 
represents an atomic percentage falling in the range of 
5épé60, 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M8 repre 
sents at least one element selected from the group 

consisting of Al, Si, and Ca; and q and r represent such 
atomic percentages as respectively satisfy 1§q§35 
and 1 éréZS, 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M9 repre 
sents at least one element selected from the group 

consisting ofY, La, Ce, Nd, Sm, and Mm; and q and s 
represent such atomic percentages as respectively sat 
isfy 1§q§35 and 3ésé25, and 

Wherein M7 represents at least one element selected from 
the group consisting of Cu, Ni, Sn, and Zn; M8 repre 
sents at least one element selected from the group 
consisting of Al, Si, and Ca; M9 represents at least one 
element selected from the group consisting of Y, La, 
Ce, Nd, Sm, and Mm; and q, r, and s represent such 
atomic percentages as respectively satisfy 1§q§35, 
léréZS, and 3ésé25. 

* * * * * 
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